Diarrheal diseases are a leading cause of childhood morbidity and mortality in Latin America. Most studies have focused on infants but not on older children. We enrolled 505 children (age, 12-59 months) with diarrhea and age-matched controls in a case-control study in São Paulo, Brazil. Independent risk factors for diarrhea included another household member with diarrhea (matched odds ratio [ ). In these poor households, 28% of cases of diarrhea in 1-4-year-old children P ! .05 was attributable to easily modifiable exposures.
involved, and the local environment [13] . Most studies have not analyzed risk factors according to different age groups or specific pathogens, except for the study by Blake et al. [7] , who described pathogen-and age-specific risk and protective factors in 500 urban infants in São Paulo, Brazil. Our study complements the work by Blake and colleagues [7] in exploring pathogen-and agespecific risk and protective factors for diarrheal illness in children aged 1-5 years from the same urban area.
PATIENTS AND METHODS
Case patients and control subjects were recruited from the hospital emergency department of Hospital Infantil de Menino Jesus, a large teaching hospital that provides free medical care to persons of mostly lower socioeconomic status in São Paulo, a metropolis of 114,000,000 inhabitants. Patients and control subjects were recruited from March 1989 through March 1990. Case patients were children aged 12-59 months who presented to the emergency department with a chief complaint of acute diarrhea (i.e., diarrhea of р7 days of duration, with an interval of у14 days from the last episode of diarrhea), Monday through Thursday, 9:00 a.m. to 2:30 p.m. Subjects were enrolled sequentially as they presented. The sample was weighted to include approximately equal numbers of case patients from each of the following age groups: 12-23 months, 24-35 months, and 36-59 months. A control subject was identified for each case patient by selecting the next child registered in the emergency department who had not had gastrointestinal signs or symptoms during the preceding 30 days, who was not admitted with the diagnosis of fever of unknown origin, and who was in the same age group as the case patient. Children who had been treated with antimicrobial agents were not excluded.
Informed consent was obtained from the parents of subjects, and human experimentation guidelines of the US Department of Health and Human Services and those of the Escola Paulista de Medicina of Sao Paulo were followed in the conduct of this clinical research.
Two pediatricians interviewed the accompanying adult using a standardized 169-item questionnaire. The questionnaire sought personal, clinical, and epidemiologic information. Questions about exposures pertained to the period before the onset of diarrhea (or acute illness, for control subjects). Medical risk factors queried included previous hospitalization and antimicrobial treatment in the 14 days before illness. Child-care exposures included day care situation, breast feeding, use and handling of baby bottles and their contents, and consumption of assorted foods and beverages consumed and their manner of preparation and storage. Household conditions investigated included number of people and rooms in the household, presence of household members with diarrhea before the onset of the child's illness and whether such persons prepared food, and presence of other children in the household-specifically, other children in diapers. Hygiene-focused risk factors included availability of running water and taps, water storage and handling practices, type of toilet and availability of hand washing facilities, caretaker's hand washing practices, and animals within and outside the house. Also sought was information on level of education and income.
The interviewers obtained 2 rectal swab specimens from each child at the time of the interview (one for bacterial culture and the other for viral testing). Laboratory methods have been described elsewhere [4] . Stools were examined for rotavirus; adenovirus; Salmonella, Shigella, Campylobacter, and Aeromonas species [14, 15] ; and 4 categories of diarrheogenic Escherichia coli: enteroinvasive, enteropathogenic, enterohemorrhagic, and enterotoxigenic (ETEC), identified by DNA probe [16] . Enteropathogenic E. coli strains were defined as those positive for the EAF plasmid and for the eaeA gene [17] .
Case-control pairs were excluded from the analysis of risk and protective factors if the case patient's stool specimen yielded 11 enteric pathogen or if the control subject's stool sample yielded any enteric pathogen. Aeromonas species were not considered to be pathogens because their pathogenicity in diarrheal illness is unproven. Descriptive analyses were performed using SAS software, version 6.12 (SAS Institute).
Age was defined as a 3-category variable (12-23 months, 24-35 months, and 36-59 months). Univariate analyses with dichotomous and continuous exposure variables and the multilevel age category variable were performed using SAS software, version 6.12. ORs were calculated from the Cox proportional hazards model generated by the PHREG procedure in SAS software. Risk and protective factors significant at the P р level were examined for independent relationship with di-.05 arrheal illness in multivariate logistic regression analysis, controlling for interaction and confounding. In the final multivariate model, there was no confounding, age category was not an effect modifier, and exposure-exposure interactions were not present. Attributable risk was calculated for risk and protective factors significant at the level in the multivariate model P р .05 using the method of Bruzzi et al. [18] , optimally interpreted under the assumption that the cases in the model can be considered a random sample of all cases in the population and that the disease is "rare" (i.e., it has an incidence of р10%).
RESULTS
Selection of subjects and descriptive statistics. Five hundred five case-control pairs were enrolled. Thirty-one percent of case patients were aged 12-23 months, 32% were aged 24-35 months, and 37% were aged 36-59 months. Case patients and control subjects did not differ significantly from each other in sex distribution (269 case patients [53%] were male, compared with 260 control subjects [51%]), monthly income (median, US$180 vs. US$189), and highest school grade attained by head of household (third grade for both). Ninety-one case-control pairs were excluded from the analysis of risk and protective factors because the case patient was carrying multiple pathogens (37 pairs) and/or the control was carrying a pathogen (58 pairs). Four hundred fourteen pairs remained.
The enteric pathogens identified in the stools of the 414 cases used in the analysis of risk and protective factors and their associated symptoms are detailed in table 1. Of 414 cases, 66 (16%) were infected with Shigella species, 48 (12%) were infected with rotavirus, and 25 (6%) were infected with ETEC. The diagnoses of control subjects included respiratory infections and pharyngitis (59%), dermatological conditions (15%), allergic reactions (without further specification; 4%), trauma (2%), and other problems (20%).
Univariate and multivariate analysis of all cases: risk factors and protective factors for diarrheal illness. Risk factors significantly associated with diarrheal illness on univariate analy- (12) 39 (81) 2 (4) 26 (54) 33 (69) 16 (33) Adenovirus
sis were the following: having a household member ill with diarrhea during the 2 weeks before the patient's illness, having a household member with diarrhea serving food in the 2 weeks before the patient's illness, introduction of a new food to the patient's diet, being cared for at another home with children from other families during the 7 days before illness, feeding the child homemade fruit juice from a baby bottle during the 7 days before illness, sharing a toilet with another household, and having another child aged !5 years in the household (table  2) . Protective factors for diarrheal illness were the following: boiling of the baby bottle, boiling of the bottle's nipple, having a toilet attached to a public sewage system, and child care in the child's own home before illness (table 2) . A lower proportion of the caretakers of case patients who fed the child homemade fruit juice in a baby bottle reported boiling the bottle or bottle nipple, but this association did not reach statistical significance. There was no significant difference between case patients and control subjects with regard to previous hospitalization or antimicrobial treatment, breast-feeding, type of nonhuman milk and other specific food items fed to the child, number of persons or rooms in the household, availability of municipal water, water storage practices, caretaker's hand washing practices, exposure to animals, or the head of household's level of education or salary.
A multivariate model was created using the factors that were significant in univariate analysis. The variable "care for the child at home" was included and the variable "care for that child at another home" was excluded, because they were highly correlated and because the former affected a greater proportion of patients. Similarly, the variable "presence of another household member with diarrhea" was included and the variable related to food preparation by this person was excluded, because they were highly correlated. A single variable was created for the variables of boiling the baby's bottle or the nipple of the bottle. The variable "exposure to new food" was excluded because of concerns about recall bias.
In the final multivariate model, there was no confounding, age category was not an effect modifier, and exposure-exposure interactions were not present. The multivariate model demonstrated independent association between diarrheal illness and the following exposures: diarrhea in another household member during the 2 weeks preceding the case's illness, and feeding the case child homemade juice in a baby bottle during the week before illness were risk factors for disease. Care for the child at home for у4 of the 7 days preceding illness, boiling baby bottles or bottle nipples, and having a toilet attached to piped sewage were protective (table 3). Attributable risk was calculated for these variables and is presented in table 3. For the protective factors, the exposure rates were inverted to express the result in terms of attributable fraction.
Pathogen-specific analyses. On univariate analysis, ETEC infection was significantly associated with preparing rice, beans, or soup in the morning and serving these foods to the child in the evening (table 4) . This risk was independent of ownership of a refrigerator (data not shown). The risk of Shigella infection was significantly associated with consumption of powdered milk, and protection was significantly associated with washing of the caretaker's own hands after helping young children defecate. 
DISCUSSION
This study is unique in combining an extensive evaluation of risk and protective factors with comprehensive microbiology in an at-risk age group that is often underrepresented in studies of diarrheal illness. Of the many potential exposures examined, 2 independent risk factors and 3 independent protective factors for diarrhea in children were identified. Three of these factors can be addressed by behavior modifications, and 2 are related to socioeconomic status and so are best modified by societal changes. In addition, we found that 12% of children without diarrhea harbored enteric pathogens, and 7% of children with diarrhea harbored 11 enteric pathogen. Presence of a household member with diarrhea preceding the case's illness was the risk factor with the highest OR and a high attributable fraction for disease, a finding reported by Blake et al. [7] for children aged !12 months as well. This suggests a high risk of intrahousehold transmission and the need for specific measures to reduce transmission. Presence of an infected household member was strongly associated with rotavirus infection but not with Shigella infection. Because rotavirus typically affects younger children, this may indicate that ill household contacts were young children, but because we did not ask about the age of the ill contacts, we cannot confirm this. Ill members of the same household as case patients did not generally participate in food preparation; further emphasis on hand washing and limitation of physical contact between ill and healthy young children to prevent transmission is indicated [19] .
To our knowledge, exposure to homemade juice in a baby bottle has not been previously described as a risk factor for diarrhea with this degree of specificity. Some property of juices may explain the risk, such as support of bacterial growth or a tendency to form a residue that is difficult to wash and serves as nidus of contamination. It is of interest that use of a baby bottle alone was not a risk factor, nor was exposure to other items in a baby bottle (i.e., cow's milk, powdered milk, or boiled or unboiled water). Caretakers might consider milk to be a higher-risk food and discard unconsumed portions promptly, while assuming that juice is safer and therefore leaving it longer in the bottle. Evaluation of caretaker practices, as well as a study of pathogen growth tendencies in juices, could evaluate this hypothesis. The proportion of illnesses attributable to not boiling the bottle or nipple was 19%. The practice may protect against diarrhea because it cleans bottles more effectively or prevents contamination with unclean water, rags, and hands.
The protective effect of having a toilet attached to a piped sewage system is consistent with extensive research documenting the strong relationship between proper disposal of feces and prevention of diarrheal illness [9, 20, 21] . This effect has been shown in some studies to be strongest in urban areas [9, 22] , probably as part of a complex interaction between the direct effect of sewerage in reducing environmental fecal contamination and a tendency to defecate closer to the home in crowded urban slums and other factors [23] . The model showed no interaction between piped sewage and age category, yet a substantial proportion of the case patients in the study were not old enough to use a toilet, suggesting that the exposure is a marker for a less contaminated environment. Simple targeted interventions, such as hand washing after defecation and before food preparation, can interrupt the fecal-oral transmission route [19, 21] . The association of diarrheal illness with day care is well known, although the data are not always consistent. This study indicates that care of the child at home during the week preceding illness was protective and that informal day care in private homes was a significant risk factor for diarrheal illness. Studies from North America [24] and Scandinavia [25] have shown that household day care is safer than formal day care, whereas in West Africa, the situation resembles that shown in this study [11] . Similarly, Blake et al. [7] previously found that attending a formal day care center, but not an informal one, in São Paulo was a risk factor for diarrhea in infants under 1 year of age. It is likely that the association of day care with illness is due to deficiency in hygiene. If the proportion of children in day care facilities increases, this exposure could account for an even larger proportion of illnesses in this population.
It is noteworthy that multivariate analysis showed no interaction between exposures and the age categories of case patients, despite there being differences in diet, mobility, immunity, and other factors between children in the second year of life and the fifth year of life. We did not explore the incidence of diarrhea in the different age groups, but others have reported a marked decrease in the incidence of specific pathogens from age 12-23 months to 24-36 months [26] . Although the incidence of diarrhea may decrease through childhood, our data indicate that risk factors for diarrhea and the appropriate control measures do not change for children in the second through fifth year.
The association of ETEC infection with preparation of rice, beans, or soup in the morning and consumption by the child in the afternoon was independent of refrigerator ownership and likely reflects a custom of food storage on a stove. A high prevalence of ETEC in the environment or on food preparers' hands and preferential survival of ETEC in these foods are possible reasons for the association with this pathogen. Caretakers need to be educated about the importance of proper food storage and thorough heating before consumption.
This study has several limitations. Potential for recall bias exists, because all risk factors and protective factors were determined from response to a questionnaire; no direct observation was undertaken. Most questions, however, were obvious and related to ongoing behaviors. Control subjects consisted of children presenting to the emergency department with nondiarrheal conditions, and, as such, may not have been representative of the underlying population without diarrhea. However, because accumulated evidence suggests that broad categories of risk for diarrhea and the illnesses prevalent among the controls (respiratory infections and dermatologic conditions) are similar [27] , results are more likely to be biased toward the null. This study did not demonstrate an association between income level, education, or crowding in the house and diarrheal illness, in contrast to the study by Blake et al. [7] , which involved infants from the same population, and studies from other settings. It is unlikely that the population studied had a uniform standard of living. The guardians of 79% of case patients but of only 46% of control subjects reported their income. Selection bias caused by nonreporting of income by higher-earning control families could obscure an inverse relationship between income level and diarrheal disease. The attributable fraction we calculated is an estimate of the proportion of cases due to each exposure (or absence of a protective factor) in the analytic model used. It is not an estimate of the change in disease incidence that might result from eliminating particular risk factors, because counterfactual modeling would be required to estimate changes resulting from modifying the exposure dynamic.
In conclusion, because this study explored a broad range of risk factors for diarrheal illness and pathogen-specific infection, we suggest specific, practical interventions to decrease childhood diarrheal morbidity in children aged 1-4 years in poor families in São Paulo and similar areas. Boiling of baby bottles and bottle nipples, careful attention to hygienic preparation of fruit juices, targeted hand washing, and proper storage and adequate heating of specific foods may reduce disease. In addition, interventions to reduce transmission from individuals in the household and the day care facility should be studied.
